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[57] ABSTRACT 

A histogram of a digital image signal representing a color 
image is formed, and a dynamic range of the image signal 
is calculated in accordance with the histogram. A rate of 
dynamic range compression corresponding to a region of the 
image signal, in which the signal value is comparatively 
large, a region of the image signal, in which the signal value 
is comparatively small, and/or the entire region of the image 
signal, is set in accordance with the dynamic range and by 
taking a predetermined reference level of the image signal as 
reference. A dynamic range compressing process is carried 
out on the image signal with the rate of dynamic range 
compression having thus been set. Gradation processing is 
carried out on an image signal, which has been obtained 
from the dynamic range compressing process, and a pro- 
cessed image signal is thereby obtained. A visible image is 
then reproduced from the processed image signal. 

10 Claims, U Drawing Sheets 
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IMAGE REPRODUCING METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an image reproducing method 
and apparatus for reproducing a visible image from an image 
signal, which is obtained from a color image carried on a 
reflection type of image storage sheet, such as a photograph 
or printed matter, or a transmission type of image storage 
sheet, such as negative film or reversal film. 

2. Description of the Prior Art 

Recently, research of digital photo printers has been 
carried out. With the digital photo printers, an image having 
been recorded on photographic film (hereinbelow referred to 
as the film), such as negative film or reversal film, or on 
printed matter is photoelectrically read out, and an image 
signal having thus been obtained is converted into a digital 
signal. The digital signal is then subjected to various kinds 
of image processing, and a processed image signal is thereby 
obtained. Thereafter, recording light is modulated with the 
processed image signal, and a photosensitive material, such 
as photographic paper, is scanned with and exposed to the 
modulated recording light. In this manner, a visible image is 
printed on the photosensitive material. 

With the digital photo printers, layouts of printed images, 
such as combining of a plurality of images, division of an 
image, and editing of characters and images, and various 
kinds of image processing, such as color/image density 
adjustment, conversion of magnification, and contour 
emphasis, can be carried out freely. Therefore, prints having 
been edited and processed freely in accordance with appU- 
cations of the prints can be obtained. Also, in cases where 
the conventional surface exposure techniques are employed, 
the image density information having been recorded on film, 
or the like, cannot be reproduced perfecdy due to limitation 
imposed upon the reproducible image density range of 
photosensitive materials. However, with the digital photo 
printers, prints can be obtained such that the image density 
information having been recorded on film, or the like, can be 
reproduced approximately perfectly. 

Basically, the digital photo printers are constituted of a 
read-out means for reading out an image having been 
recorded on an image storage sheet, such as film, and an 
image reproducing means. The image reproducing means 
carries out image processing on the image signal having thus 
been detected by the read-out means, and adjusts exposiire 
conditions. Also, the image reproducing means carries out a 
scanning exposure operation on a photosensitive material 
under the adjusted exposure conditions and carries out 
development processing on the exposed photosensitive 
material. Further, the image reproducing means can repro- 
duce a visible image from the image signal having been 
obtained from the image processing and can display the 
visible image on a monitor. 

For example, in a read-out apparatus for reading out an 
image having been recorded on fihn, or the like, wherein slit 
scanning is carried out, reading hght having a slit-hke shape 
extending in a one-dimensional direction is irradiated to the 
film, and the film is moved in a direction, which is approxi- 
mately normal to the one-dimensional direction. 
(Alternatively, the reading light and a photoelectric convert- 
ing device are moved in the direaioo, which is approxi- 
mately normal to the one^imensional direction.) In this 
manner, the film is scanned in two-dimensional directions. 
An image of the light, which has passed through the film and 
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carries the film image information, is formed on a hght 
receiving face of the photoelectric converting device, such 
as a CCD line sensor, and is thus photoelectrically converted 
into a light amount signal. The thus detected light amount 

5 signal is amplified and is then converted into a digital signal 
by an analog-to-digital converter. Thereafter, the digital 
signal is subjected to various kinds of image processing, 
such as compensation for a fluctuation in the characteristics 
among the CCD elements of the CCD line sensor, image 
density conversion, and conversion of magnification, and a 
processed signal obtained from the image processing is 
transferred to a reproducing means. 

In the reproducing means, for example, a visible image is 
reproduced from the received image signal and displayed on 

^5 a display device, such as a cathode ray mbe (CRT) display 
device. When necessary, the operator, who views the repro- 
duced image, corrects the gradation, the color, the image 
density, or the like, of the reproduced image (i.e., sets the 
set-up conditions). In cases where the reproduced image is 

20 judged as being acceptable as a finished print, the image 
signal is transferred as the recording image information into 
a development means or a monitor. 

In an image reproducing apparatus, in which the image 
reproduction with raster scanning (i.e., light beam scanning) 

25 is utilized, three kinds of light beams corresponding to 
exposure of the layers, which are formed on a photosensitive 
material and are sensitive to three primary colors, e.g. red 
(R), green (G), and blue (B), are modulated in accordance 
with the recording image information and deflected in a 

30 main scanning direction (which corresponds to the aforesaid 
oneniimensional direction). Also, the photosensitive mate- 
rial is conveyed in a sub-scanning direction, which is 
approximately normal to the main scanning direction. (The 
photosensitive material is thus moved with respect to the 

35 deflected light beams and in the sub-scanning direction.) In 
this manner, the photosensitive material is scanned in two- 
dimensional directions with the light beams, which have 
been modulated in accordance with the recording image 
information, and the image having been read out from the 

4Q film is thereby reproduced on the photosensitive material.— 
The photosensitive material having thus been scanned 
with and exposed to the light beams is then subjected to 
development processing in accordance with the kind of the 
photosensitive material. For example, in cases where the 

45 photosensitive material is a silver halide photographic 
material, it is subjected to the development processing 
comprising the steps of color development, bleach-fix, 
washing, drying, and the like. A finished print is thereby 
obtained. 

50 Such a photosensitive material can record a comparatively 
wide range of luminance of the object. However, the maxi- 
mum image density on the photosensitive material is hm- 
ited. Therefore, in cases where a print of a scene having a 
large difference in luminance is obtained with an ordinary 

55 printing technique, details become imperceptible due to 
insufficient gradation in either one of a bright portion (a 
highlight) and a dark portion (a shadow) on the print. For 
example, in cases where a picture of a person is taken against 
the light, if the picture is printed such that the image of the 

60 person may become clear, the bright portion, such as the sky 
region, will become white and its details will become 
imperceptible. Also, if the picture is printed such that the 
bright portion, such as the sky region, may become clear, the 
image of the person will become black and its details will 

65 become imperceptible. In order to solve the problems, a 
shutting light technique or a masking print technique has 
heretofore been employed. 
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With the shutting light technique, an ordinary level of tion can be carried out for each of the frames of film, 

exposure is given to a region having an intermediate level of Therefore, as for a scene having a large difference in 

image density in a scene. Also, a long time of exposure is luminance, the gradation of the entire area of the image can 

given selectively to a region, which is considered to become be rendered soft such that the range of luminance of the 

white and the details of which are considered to become 5 scene may fall within the dynamic range of the photosen- 

imperceptible on the print, by using a perforated blocking sitive material. In this manner, the problems can be pre- 

sheet. Further, as for a region, which is considered to vented from occurring in that the details of the highUght and 

become black and the details of which are considered to the shadow become imperceptible due to insufficient grada- 

become imperceptible on the print, the exposure time is kept tion. 

short selectively by using a blocking sheet. In this manner, However, with the aforesaid shutting light technique and 

the print is obtained such that the contrast of each object may the aforesaid masking print techniques, the blocking sheet 

be kept appropriate, and the details of the highhght and the having been prepared regardless of the image, which is to be 

shadow may be kept perceptible. A method has been reproduced, must be operated. Therefore, a very high level 

proposed, in which unsharp image film having been photo- of operation technique is required. Also, considerable labor 

graphically formed by the negative -positive reversal of and time are required to form the unsharp image film, and 

original image film is used as a blocking sheet for locally the printing efficiency cannot be kept high, 

controUing the exposure time, and in which the printing is Also, with the aforesaid apparamses described in Japa- 

carried out by superposing the original image fihn and the nese Unexamined Patent Publication Nos. 58(1983)-66929 

unsharp image film one upon the other. and 64(1989)-35542 and Japanese Patent Pubhcation No. 

Also, various masking print techniques have been pro- 20 64(198 9)- 108 19, the contrast of a comparatively large struc- 
posed in, for example, Japanese Unexamined Patent Publi- ture can be reproduced by adjusting with the distribution of 
cation Nos. 58(1983)-66929 and 64(1989)-35542 and Japa- the luminance of the illuminating light source. However, 
nese Patent Publication No. 64(1989)- 108 19. With the local structures in the reproduced image correspond to the 
proposed masking print techniques, the same effects as those projected image of the original image film. Therefore, the 
of the shutting hgiit technique can be obtained by locally 25 aforesaid apparatuses have the drawbacks in that the repro- 
changing the brightness of a light source for illuminating a duction of colors of the local strucUires, including tfieir 
photographic original image. With the apparatus proposed in edges, cannot be controlled freely, in that the sharpness of 
Japanese Unexamined Patent Publication No. 58(1983)- the edges cannot be controlled freely, and in that the 
66929, a CRT is employed as the illuminating light source, gradation of over-exposure portions, under-exposure 
and a photometric operation with memory scanning is portions, or the like, in the original image cannot be con- 
carried out on an original image. In this manner, an unsharp trolled freely. 

mask signal is formed from the color original image. In an Further, with the aforesaid apparatuses described in Japa- 
exposure mode, a CRT is controlled with the unsharp mask nese Unexamined Patent Pubhcation Nos. 58(1983)-66929 
signal, and the contrast is thereby controlled such that the and 64(1989)-35542 and Japanese Patent Pubhcation No. 
original image may be rehably recorded within the contrast 35 64(1989)- 108 19, the processing for the photometric opera- 
reproduction hmit of a photosensitive material. tion and the exposure is carried out sequentially. Therefore, 

With the apparatus proposed in Japanese Unexamined the problems occur in that the processing capacity carmot be 

Patent Publication No. 64(1 989)-35 542, a CRT is employed kept high. Also, the problems occur in that, in cases where 

as the illuminating light source, and an optical path for the the dtstanoe of movement of the original image becomes 

photometric operation carried out on an original image and 40 different between when the photometric operation is carried 

an optical path for the exposure of a photosensitive material out and when the exposure is carried out, the printed image 

are provided such that they may be changed over to each becomes disturbed. Further, with the apparatus described in 

other. Also, a signal for controlhng the luminance of the Japanese Patent Publication No. 64(1 989) -1081 9, wherein 

CRT during the exposure and thereby correcting the grada- the hquid crystal is used, since the transmittance of the 

tion and the saturation of the reproduced image is formed in 45 Hquid crystal is at most approximately 30%, the exposure 

accordance with the photometric signal obtained from the time cannot be kept short. Furthermore, the tube surface of 

original image. Further, a signal for displaying the repro- the CRT is covered with glass, and the side inward from the 

duced image on a monitor is formed. The image displayed glass becomes luminous. Therefore, even if the film is 

on the monitor is viewed, and the amount of hght of the CRT brought into close contact with the tube sm"face of the CRT, 

is thereby controlled such that a desired image may be 59 a spacing will substantially occur between the luminous 

reproduced. surface of the CRT and the film. Accordingly, with the 

With the apparatus proposed in Japanese Patent Pubhca- apparatus proposed in Japanese Unexamined Patent PubU- 

tion No. 64(1989)- 10819, a matrix device, such as a hquid cation No. 64(1 989) -3 5 542, wherein the image represented 

crystal, which is capable of locally changing the hght by the photometric signal is displayed, a blur occurs with the 

transmittance, is located between a uniform surface hght 55 photometric and image forming system due to the spacing 

source and an original image. The transnxittance of the hquid between the luminous surface of the CRT and the film 

crystal is controlled in accordance with the photometric surface during the photometric operation, and therefore a 

signal obtained from the original image, and the contrast of clear monitor image cannot be obtained, 

the reproduced image is thereby adjusted. With the method proposed in Japanese Unexamined 

Further, for example, in Japanese Unexamined Patent 60 Patent Publication No. 6(1994)-242521, even though the 

Publication No. 6(1994)-242521, a method is proposed problems can be prevented from occurring in that the details 

wherein, in order for the gray balance in image reproduction of the highlight and the shadow become imperceptible due 

to be corrected, conversion is carried out such that the to insufficient gradation, the problems occur in that the 

maximum image density value and the minimum image contrast of each object becomes weak and the printed image 

density value of each color on an original image may 65 becomes monotonous. 

become equal to predetermined values on the reproduced Therefore, novel image reproducing methods have been 

image. With the proposed method, the control of the grada- proposed, wherein an unsharp image signal, which repre- 
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sents only the structures of low frequencies in a color image, 
is subtracted from a digital image signal representing the 
color image, a difference signal being thereby obtained, 
processing for changing the image density, the saturation, 
and/or the gradation is carried out on the difference signal, 5 
and a visible image is reproduced by an image reproducing 
means from a processed image signal, which has been 
obtained from the processing carried out on the difference 
signal. In this manner, even if the contrast of the entire area 
of the original image is strong, a reproduced image can be lo 
obtained such that the contrast of the entire area of the image 
may be weakened, such that the contrasts of fine structures 
in the highlight and the shadow in the image may remain, 
and such that the details of the highlight and the shadow can 
be prevented from becoming imperceptible in the repro- 15 
duced image due to insufficient gradation. Such image 
reproducing methods are described in, for example, Japa- 
nese Unexamined Patent Publication No. 2(1990)-226375 
and U.S. Ser. No. 08/672,939. 

However, with the proposed image reproducing methods, 20 
even though the dynamic range of the entire image can be 
compressed, the problems occur in that the dynamic range 
compressing process is carried out also on a scene, in which 
the large area contrast is weak and which need not be 
subjected to the dynamic range compression. Therefore, the 25 
entire area of the image becomes monotonous, and the 
image becomes imperceptible. 

Also, several scenes have the characteristics such that the 
histogram of the image signal representing the scene is 
biased to the bright side or the dark side. As for such scenes, 
the dynamic range compressing process should preferably 
be carried out on only either one of the highlight and the 
shadow. However, with the conventional methods, the 
dynamic range compressing process is carried out uniformly 
over the entire area of the image, and therefore the image 
portion, in which the large area contrast is weak, becomes 
monotonous, and an image having a high perceptibility 
cannot be obtained. 

SUMMARY OF THE INVENTION 40 

The primary object of the present invention is to provide 
an image reproducing method wherein, even if an original 
image has a strong low frequency contrast, the details of a 
highlight and a shadow are prevented from becoming imper- 
ceptible in a printed image due to insufficient gradation, the 
printed image is prevented from becoming monotonous, 
adverse effects of a dynamic range compressing process are 
prevented from occurring on a scene having a weak low 
frequency contrast, and the printed image having good 
image quality is thereby obtained. 

Another object of the present invention is to provide an 
image reproducing method, wherein the color reproducibil- 
ity in a printed image is enhanced such that an unnatural 
feeling may not occur at portions in the vicinity of edges in 
the printed image, and wherein the printed image having 
good image quality is thereby obtained even from an origi- 
nal image having a strong large area contrast. 

The specific object of the present invention is to provide 
an apparatus for carrying out the image reproducing method. 

The present invention provides an image reproducing 
method, wherein a visible image is reproduced from a digital 
image signal representing a color image, the method com- 
prising the steps of: 

i) forming a histogram of the image signal, es 

ii) calculating a dynamic range of the image signal in 
accordance with the histogram. 
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iii) setting a rate of dynamic range compression corre- 
sponding to a region of the image signal, in which the 
signal value is comparatively large, a region of the 
image signal, in which the signal value is compara- 
tively small, and/or the entire region of the image 
signal, the rate of dynamic range compression being set 
in accordance with the dynamic range and by taking a 
predetermined reference level of the image signal as 
reference (such that the rate of dynamic range com- 
pression may become equal to approximately zero with 
respect to the reference level), 

iv) carrying out a dynamic range compressing process on 
the image signal with the rate of dynamic range com- 
pression having thus been set, 

v) carrying out gradation processing on an image signal, 
which has been obtained from the dynamic range 
compressing process, a processed image signal being 
obtained from the gradation processing, and 

vi) reproducing a visible image from the processed image 
signal. 

The present invention also provides an image reproducing 
apparatus, wherein a visible image is reproduced from a 
digital image signal representing a color image, the appa- 
rams comprising: 

i) a histogram forming means for forming a histogram of 
the image signal, 

ii) a dynamic range calculating means for calculating a 
dynamic range of the image signal in accordance with 
the histogram, 

iii) a compression rate setting means for setting a rate of 
dynamic range compression corresponding to a region 
of the image signal, in which the signal value is 
comparatively large, a region of the image signal, in 
which the signal value is comparatively small, and/or 
the entire region of the image signal, the rate of 
dynamic range compression being set in accordance 
with the dynamic range and by taking a predetermined 
reference level of the image signal as reference, 

iv) a dynamic range compressing process means for 
carrying out a dynamic range compressing process on 
the image signal with the rate of dynamic range com- 
pression having thus been set, 

v) a gradation processing means for carrying out grada- 
tion processing on an image signal, which has been 
obtained from the dynamic range compressing process, 
and thereby obtaining a processed image signal, and 

vi) a reproducing means for reproducing a visible image 
from the processed image signal. 

In the image reproducing method and apparatus in accor- 
dance with the present invention, the dynamic range com- 
pressing process should preferably be carried out only when 
the dynamic range is larger than a predetermined threshold 
value. 

Also, the image reproducing method and apparatus in 
accordance with the present invention should preferably be 
modified such that a preliminary re ad- out image signal, 
which represents picture elements detected at coarser inter- 
vals than in the image signal, may be obtained before the 
image signal is obtained, and the calculation of the dynamic 
range and the setting of the rate of dynamic range compres- 
sion may be carried out in accordance with the preliminary 
read-out image signal. 

Further, the image reproducing method and apparatus in 
accordance with the present invention should preferably be 
modified such that the image signal may be converted into 
a luminance, an unsharp image signal, which represents an 
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unsharp image of the image represented by the luminance, image in which the dynamic range is small and the large area 

may be formed, and the calculation of the dynamic range, contrast is weak, the dynamic range compressing process 

the setting of the rate of dynamic range compression, and the can be prevented from being carried out. Therefore, the large 

dynamic range compressing process may be carried out in area contrast of the image, in which the large area contrast 

accordance with the unsharp image signal. 5 is weak, can be prevented from being weakened. 

Furthermore, the image reproducing method and appara- Further, with the image reproducing method and appara- 
tus in accordance with the present invention should prefer- tus in accordance with the present invention, the unsharp 
ably be modified such that the dynamic range compressing image signal may be formed by converting the image signal 
process may be carried out by setting the number of bits of into the luminance, and subjecting the luminance to filtering 
the image signal, which is subjected to the dynamic range lO processing, or the like. The dynamic range compressing 
compressing process, to be larger than the number of bits of process may then be carried out on the unsharp image signal, 
the processed image signal. In particular, in cases where the In such cases, the image reproduced from the processed 
processing is carried out in accordance with the unsharp image signal is obtained such that the color reprcducibility 
image signal, the bit width of the signal subjected to the may be kept good, even though the brightness at the edge of 
processing should preferably be set to be wider than the bit 15 an object in the image may become different from the 
width of the input image signal such that an false contouring brightness in the color image. Therefore, an image can be 
may not occur due to insufiBcient quantization level of the obtained which is free from an unnatural feeling in com- 
dynamic range compressed signal. parison with the original color image. 

With the image reproducing method and apparatus in Furthermore, in cases where the bit width of the image 

accordance with the present invention, the histogram of the 20 signal, which is subjected to the dynamic range compressing 

image signal is formed, and the dynamic range of the image process, is set to be larger than the bit width of the processed 

signal is calculated from the histogram. The rate of dynamic image signal, a false contouring can be prevented from 

range compression corresponding to the region of the image occurring due to insufiBcient quantization level, and an 

signal, in which the signal value is comparatively large, the image having good image quality can be obtained, 

region of the image signal, in which the signal value is 25 

comparatively small, and/or the entire region of the image BRIEF DESCRIPTION OF THE DRAWINGS 

signal is set in accordance with the dynamic range and by pjc. 1 is an explanatory view showing an embodiment of 

taking the predetermined reference level of the image signal ^^^^^ reproducing apparatus in accordance with the 

as reference. The dynamic range compressing process is present invention 

then carried out on the image signal by iising the rate of 30 p,Q is a graph showing a table for gray balance 

dynamic range compression having thus been set TTie .^justment carried out in an LUT IS. 

region of the image signal, m which the signal value is large, 

corresponds to the highlight in the reproduced image, and 2B is a graph showing a table for bnghtness oor- 

the region of the image signal, in which the signal value is ""^^^^ ^UT 15, 

small, corresponds to the shadow in the reproduced image. 35 FIG. 2C is a graph showing a table for gradation conver- 

Therefore, in cases where the rates of dynamic range com- sion carried out in the LUT 15, 

pression are set such that the dynamic range compressing FIGS. 3A, 3B, 3C, 3D, and 3E are graphs showing tables 

process may be carried out on only the highlight and the for a dynamic range compressing process carried out in an 

shadow, the details of which are apt to become imperceptible LUT 19, 

due to insuf&cient gradation, the dynamic range compress- 40 FIG. 4 is a graph showing a table for gradation conversion 

ing process can be carried out on only the image portion, in carried out in an LUT 21, 

which the large area contrast is strong. As a result, the large pj^. 5 is a graph showing a table for gradation conversion 

area contrast is weakened only for the highhght or the ^^^^ ^ LUT 23, 

shadow, and the dynamic range compressing process is not r-i^- r • l i_ - *u u * • c ^ 

.j' , . °. • !_• ifA. 1 FIG. 6 is a graph showing the characteristics of alow-pass 

earned out on the image portion, m which the large area 45 ^^^^^ o- o i- 

contrast is weak. Therefore, the details of the highlight and ' 

the shadow do not become imperceptible, and the contrast of a graph showmg a histogram of an image signal, 

the image portion, in which the large area contrast is weak, f^G. 8 is a graph showing the relationship between a 

is not weakened. Accordingly, a reproduced image having dynamic range and a rate of dynamic range compression, 

good image quality can be obtained. 50 FIG. 9 is a schematic view showing an image displayed 

As for the reference level of the image signal, the rate of on a monitor, 

dynamic range compression is set to be equal to approxi- FIG. 10 is a graph showing the frequency characteristics 

mately zero. Therefore, in cases where the image density of of a processed image signal, 

the primary object in the image is set as the reference level, pjQ i^j^ ^ block diagram showing an apparatus for 

the dynamic range compressing process is not carried out for 55 carrying out image processing with an 8-bit signal, 

the primary object. Also, the adjustment of the brightness of ^ ^ ^^^^ apparams for 

the entire area of the inaage may be earned out indcpen- ^ processing with a 10-bit signal, 

dently. In this manner, the function lor the dynamic range • ll- ^ - - i 

compression and the function for the brightness adjustment J^^ }]^ ^ ' ^"P*' ^^""^^ ' pattern of an image signal 

i * J 1 1 J *i_ *• • iT* obtained from the image processing with the 8-bit signal, 

can be separated clearly, and the correction of bnghtness, or 60 & r & & ' 

the like, can be carried out easily. 12B is a graph showmg a pattern of an image signal 

Also, in cases where the dynamic range compressing obtained from the image processing with the 10-bit signal, 

process is carried out only when the dynamic range having FIG. 13 is a perspective view showing a developing 

been calculated from the histogram is larger than the pre- section, 

determined threshold value, the dynamic range compressing 65 FIG. 14 is a block diagram showing an image processing 

process is not carried out when the dynamic range is smaller section in which an unsharp mask processing is carried out, 

than the predetermined threshold value. As a result, as for an and 
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FIG. 15 is a graph showing the frequency characteristics section IB fiirther comprises an LUT19 for compressing the I 

of a processed image signal, which is obtained from image dynamic range of the unsharp signal and thereby obtaining j 

processing containing the unsharp mask processing. an unsharp image signal for the adjustment of the large areaj 

contrast, and an adder 20 for adding the original image 

DESCRIPTION OF THE PREFERRED ^ signals and the unsharp image signal, which has been 

EMBODIMENTS obtained from the dynamic range compressing process, to 

The present invention will hereinbelow be described in each other and thereby obtaining addition signals Sadd. The 

further detail with reference to the accompanying drawings. image processing section IB still further comprises an LUT 

FIG. 1 is an explanatory view showing an embodiment of 21 for correcting the contrast (i.e., the large area contrast and 

the image reproducing apparatus in accordance with the lo thehighfrequencycontrast)of the addition signals Sadd, i.e. 

present invention. As illustrated in FIG. 1, an image repro- for carrying out a gradation processing, and a digital-to- 

ducing apparatus 1, which is the embodiment of the image analog converter 22 for converting the signals, which have 

reproducing apparatus in accordance with the present been obtained from the contrast correction, into analog 

invention, comprises an image read-out section lA and an signals. The image processing section IB also comprises an 

image processing section IB. The image read-out section lA 15 LUT 23 for correcting the gradation of the preliminary 

comprises a light source 2, and a light regulating device 3 for read-out image signals S^, and a digital-to-analog converter 

adjusting the amount of light having been produced by the 24 for converting the preliminary read-out image signals S^, 

hght source 2. The image read -out section lA also comprises which have been obtained from the gradation correction 

an RGB filter 4 for converting the light, which has been carried out by the LUT 23, into analog signals. The image 

produced by the light source 2, into R,G, and B three colors, 20 processing section IB further comprises a CRT display 

and a mirror box 5 for diffusing the light, which has passed device 25 for reproducing a visible image from the prelimi- 

through the RGB filter 4, and irradiating it to film 6. The nary read-out image signals having been obtained from 

image read-out section lA further comprises a lens 7 for the digital-to-analog conversion, and a mouse device 26 for 

forming an image of the light, which has passed through the operating the visible image, which is displayed on the CRT 

fihn 6, on an area type of CCD image sensor 8. In this 25 display device 25, in order to set ultimate parameters for the 

embodiment, the image read-out operation is carried out image. The image processing section IB still fiirther com- 

with the area type of CCD image sensor 8. Alternatively, a prises an automatic set-up algorithm device 27 for calculat- 

lechnique for moving a line sensor with respect to the light ing the histogram of the preliminary read-out image signals 

may be employed. As another alternative, a technique for Sp in the manner, which will be described later, and setting 

spot photometry using a drum scanner, or the like, may be 30 the parameters for the adjustments of the LUT 15, the LUT 

employed. In the image read-out section lA, a preliminary 19, the LUT 21, and the LUT 23 in accordance with the 

read-out operation and a final read-out operation are carried histogram. The LUT 12 is a transmittancc-to-image density 

out. In the preliminary read-out operation, the detection conversion table for converting the signals such that satu- 

intervals of the CCD image sensor 8 are set to be compara- ration may not be reached with respect to the image density 

tively coarse, and a preliminary read-out image signal Sj> is 35 range of the original image. The LUT 15 corrects the gray 

thereby obtained. After the preliminary read-out operation balance, the brightness, and the gradation. The LUT 15 

has been carried out, the final read-out operation is carried comprises a gray balance adjustment table shown in FIG, 

out. In the final read-out operation, the detection intervals of 2A, a brightness correction table shown in FIG. 2B, and a y 

the CCD image sensor 8 are set to be comparatively fine, and correction table shown in FIG, 2C, which are connected in 

a final read-out image signal Sq is thereby obtained. 40 series. The LUT 19 stores dynamic range compression tables 

The image processing section IB comprises an amplifier having predetermined inclinations a shown in FIGS. 3A, 

10 for ampUfying the R, G, and B three color image signals, 3B, 3C, 3D, and 3E. In this embodiment, a takes a negative 

which have been detected by the CCD image sensor 8, and value. As will be described later, the dynamic range com- 

an analog-to-digital converter 11 for converting the ampli- pression tables are calculated in accordance with the pre- 

fied image signals into digital image signals. The image 45 hminary read-out image signals Sj> As illustrated in FIG. 4, 

processing section IB also comprises a look-up table (LUT) t^e LUT 21 is a non-linear gradation conversion table and 

12 for converting the digital image signals into image represents the relationship between the input signal and a 

density signals, and frame memories 13R, 13G, and 13B, processed image signal representing the reproduced image, 

which respectively store the R, G, and B digital image The LUT 23 stores a Hnear gradation conversion table 

signals having been converted into the image density sig- 50 shown in FIG. 5. The inclination of the linear gradation 

nals. The image processing section IB further comprises conversion table is equal to 1+a. 

frame memories 14R, 14G, and 14B for respectively storing The MTX 16 corrects the detected digital image signals 
R, G, and B preliminary read-out image signals S^,, which such that they may become the color signals capable of 
are obtained in cases where the preliminary read-out opera- being reproduced in appropriate colors on the photosensitive 
tion is carried out. The image processing section IB still 55 material. Specifically, the MTX 16 corrects the detected 
further comprises an LUT 15 for carrying out correction of digital image signals such that they may be reproduced in 
gray balance, brightoess, and gradation, which will be appropriate colors by the combination of the spectral char- 
described later, on the digital image signals, and a matrix acteristics of the film 6 and the spectral characteristics of the 
(MTX) 16 for correcting the image signals, which have been photosensitive material, on which the visible image is repro- 
obtained from the processing carried out by the LUT 15, 60 duced ultimately. The MTX 17 converts the R, G, and B 
such that they may become the color signals capable of color image signals into a luminance. Specifically, the MTX 
being reproduced in appropriate colors on a photosensitive 15 converts the R, G, and B color image signals into the 
material, which will be described later. The image process- luminance by using a value of one-third of the mean value 
ing section IB also comprises an MTX 17 for converting the of each color image signal or by using the YIQ base, or the 
image signals, which have been corrected by the MTX 16, 65 like. 

into a luminance, and a low-pass filter (LPF) 18 for forming The LPF 18 is the unsharp mask filter for blurring the 

an unsharp signal from the luminance. The image processing luminance in two-dimensional directions and has the char- 
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acteristics illustrated in FIG. 6, If the diameter of the unsharp 
mask is very small, the sharpness will be emphasized 
unnaturally, or overshooting of an edge in the image will 
become perceptible. If the diameter of the unsharp mask is 
very large, the drawbacks will occur in that the effects of the 5 
unsharp mask cannot be obtained appropriately when the 
primary object pattern is small, or in that a large amount of 
calculation is required and the scale of the apparatus cannot 
be kept small. Experiments carried out by the inventor with 
respect to various kinds of scenes revealed that, as for the 10 
135 fihn, the diameter of the half-width of the mask size 
should preferably fall within the range of approximately 0.3 
mm to approximately 3 mm on the film, and should more 
preferably fall within the range of approximately 0.5 mm to 
approximately 2 mm on the film. In cases where the fihn size 15 
is larger than the 135 film, the unsharp mask size should 
preferably be increased. 

How the embodiment of the image reproducing apparatus 
in accordance with the present invention operates will be 
described hereinbelow. ^0 

Firstly, the light is produced by the light source 2 of the 
image read-out section lA. The light is converted to a 
predetermined amount of light by the Light regulating device 
3. By way of example, the amount of light, which has passed 
through the minimum image density point in the image 
having been recorded on the film 6, is measured previously, 
and the light regulating device 3 adjusts the amount of Ught 
having been produced by the light source 2 such that the 
amount of light, which has passed through the minimum 
image density point in the image, may be slightly lower than 
the saturation level of the CCD image sensor 8. The Ught 
having been adjusted by the fight regulating device 3 passes 
through the RGB filter 4, is diffused by the mirror box 5, and 
then impinges upon the film 6. The light passes through the 
fihn 6 and is thus modulated in accordance with the image 
information having been recorded on the film 6. Thereafter, 
the light passes through the lens 7 and impinges upon the 
CCD image sensor 8. In this manner, the light is photoelec- 
trically converted by the CCD image sensor 8 into an image 
signal, which represents the image having been recorded on 
the film 6. In this embodiment, firstly, in order for the 
preliminary read-out image signals Sj> to be obtained, the 
detection intervals of the CCD image sensor 8 are set to be 
comparatively coarse. The RGB filter 4 is changed over to 
R, G, and B, and three color preliminary read-out image 
signals Sp representing the color image are thereby obtained. 
TTie three color prefiminary read-out image signals are 
fed into the image processing section IB. At the image 
processing section IB, the processing is carried out in the 
manner described below. 

The preliminary read-out image signals obtained at the 
image read-out section lA are weak, and are therefore 
amplified by the amplifier 10. The image signals are then 
converted into the digital preliminary read-out image signals ^ ^ 
Sp by the analog- to-digital converter U. The digital pre- 
liminary read-out image signals are converted into image 
density signals by the LUT 12 and are then respectively 
stored in the frame memories 14R, 14G, and 14B. 

Thereafter, the preliminary read-out image signals Sp are 
read from the frame memories 14R, 14G, and 14B and are 
fed into the automatic set-up algorithm device 27 and the 
LUT 23. In the automatic set-up algorithm device 27, the 
processing described below is carried out. 

Firstly, the histogram of the preliminary read-out image 6S 
signals Sp is calculated. FIG. 7 shows the histogram of the 
preliminary read-out image signals Sp. From the histogram 
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shown in FIG. 7, the maximum luminance Ymax and the 
minimum luminance Ymin of the R, G, and B colors are 
calculated. In accordance with the maximum luminance 
Ymax and the minimum luminance Ymin, the gray balance 
adjustment table shown in FIG, 2A, which is to be utilized 
in the LUT 15, is set. 

Also, in accordance with the histogram, the dynamic 
range compression tables for the dynamic range compress- 
ing process, which is carried out in the LUT 19, are set. The 
dynamic range compression tables are set in the manner 
described below. 

The image signal and the ultimate print density are related 
to each other in the manner described below. Specifically, in 
the gradation curve of the LUT 21 representing the relation- 
ship between the signal value and the print density, the 
region, in which the object image pattern can be reproduced 
such that the details of the object image pattern may not 
become imperceptible due to insufiScient gradation, is the 
region G shown in FIG. 4. Therefore, in the digital image 
signal, if the object image pattern contained in the image is 
outside the range G, an image portion, such as a catch light 
portion, in which the signal value is large, will become white 
and its details will become imperceptible. Also, an image 
portion, in which the signal value is small, will become 
black and its details will become imperceptible. Thus the 
gray level of the portions of the image cannot be reproduced 
appropriately. Accordingly, in this embodiment, the rates of 
dynamic range compression are set in the maimer described 
below such that the details of the very bright portion and the 
details of the very dark portion may not become impercep- 
tible due to insufficient gradation in the print formed on the 
photosensitive material. 

Firstly, the rates of dynamic range compression are set in 
accordance with the dynamic range having been calculated 
from the histogram shown in FIG. 7. 

Specifically, the rates of dynamic range compression are 
set such that the dynamic range, i.e. the difference between 
the maximum luminance Ymax and the minimum luminance 
Ymin of the preliminary read-out image signals Sp having 
been calculated from the histogram shown in FIG. 7, may 
become identical with the signal of the range G between 
Ymax' and Ymin' of the LUT 21. More specifically, if the 
dynamic range of the image signal is larger than the range 
G between Ymax* and Ymin', since the value of the grada- 
tion curve y corresponding to the region of the image signal, 
in which the signal value is larger than Ymax' (and which 
represents the highUght), converges, the details of the high- 
light will become imperceptible due to insufficient gradation 
in the reproduced image. Also, since the value of the 
gradation curve y corresponding to the region of the image 
signal, in which the signal value is smaller than Ymin' (and 
which represents the shadow), converges, the details of the 
shadow will become imperceptible due to insufficient gra- 
dation in the reproduced image. Therefore, the rate of 
dynamic range compression for the highlight and the rate 
of dynamic range compression are set such that the 
details of the highlight and the shadow may not become 
imperceptible. Specifically, the rate of dynamic range com- 
pression Q; is set such that the signal in the vicinity of the 
maximum luminance Ymax of the prefiminary read-out 
image signals Sp may be compressed to the level not higher 
than Ymax'. Also, the rate of dynamic range compression 
is set such that the signal in the vicinity of the minimum 
luminance Ymin of the prefiminary read-out image signals 
Sp may be compressed to the level not lower than Ymin'. 

Further, ±e rate of dynamic range compression a for the 
entire area of the image is set with the function a (DR) 
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shown in FIG, 8, wherein DR is an acronyna for the dynamic corresponding to the point YO in the processed image. In 

range. The function a (DR) has the characteristics such that, cases where the functions f/a/) and f^a^ are set as shown 

in cases where the dynamic range of the image signal is in FIGS. 3B and 3C such that the differential coefficient may 

smaller than a threshold value DRth, the rate of compression be continuous at the point YO, such an artifact can be 

may be equal to zero, i.e. the dynamic range compressing 5 prevented from occurring. 

process may not be carried out. This is because, in cases Th^ functions f^a^ and i/aj are the straight lines 

where the dynamic range is small and the large area contrast having an end pomt at YO. Such that the occurrence of an 

of the image is low, if the dynamic range compressing ^f^f^^^^^^^^^ ^^^J^^^^^'J^^^ f^.^^^ ?''?L'^*^ ^.^^ f 

process is carried out, the large area contrast of the image f «^ ^IGS. 3B and 3C such that the differential coef- 

^ , . J ^. J J • -11 ficient may be continuous. 

will become even lower and the reproduced image wiU 10 compression are set in the 
become imperceptible. As for the image pattern of a ^^^^^ described above. The dynaiiic range compressing 
highlight, such as a catch hght portion, which is embedded ^^^^^ ^ ^^^^ ^^^^ preliminary read-out image 
m an unage, mstead of the gradation being formed with the ^.g^^i^ ^^^^ ^he rates of dynamic range compression, 
dynamic range compressing process, the mmimum image preKminary read-out image signals S^, which have been 
density should preferably be not reproduced in the repra- 15 obtained from the dynamic range compressing process, are 
duced image. Hierefore, in FIG. 8, in cases where the then fed into the LUT 23. The preliminary read-out image 
dynamic range is larger than DRmax, a is clipped at the signals Sp are subjected to the gradation processing in the 
lower limit value amax. LUT 23, converted into analog signals by the digital-to- 
Thereafter, the tables for the dynamic range compressing analog converter 24, and then used for reproducing a visible 
process carried out in the LUT 19 are set. Firsdy, the 20 image on the monitor 25. The visible image, which is 
dynamic range compression table for the entire area of the displayed on the monitor 25, is the image reproduced from 
image is set in accordance with the rate of compression a preliminary read-out image signals S^. It is necessary for 
having been set with the function shown in FIG. 8. As the effects of the dynamic range compression to be reflected 
illustrated in FIG. 3A, the dynamic range compression table on the displayed image. However, if the dynamic range 
for the entire area of the image is represented by the 25 compressing process is carried out on the preliminary read- 
monotonously decreasing function in which the image signal out image signals Sp, the problems will occur in that the 
serves as the variable. The function f(a) representing the scale of the image reproducing system cannot be kept small, 
dynamic range compression table is set by the inclination a In order for the effects of the rates of dynamic range 
around a signal value YO. By way of example, in cases compression to be confirmed, it is only necessary that the 
where the object is a person and the pattern of the person is gradation conversion be carried out on the preliminary 
embedded in the color image, a value, which falls within the read-out image signals Sj> by using a simple gradation 
range of 0.50 to 0.70 and corresponds to approximately the conversion table shown in FIG. 5, in which a rate of dynamic 
same image density as the flesh color, preferably a value of range compression a+1 is set as the inclination, and that a 
0.6, is set as the signal value YO. In cases where the signal visible image be reproduced from die preliminary read-out 
value YO is thus set, the dynamic range compression does ^5 image signals having been obtained from the gradation 
not affect the brightness correction with respect to the conversion and displayed on the monitor 25. Therefore, the 
aforesaid image density, and therefore the function for the information representing the gradation conversion table 
brightness correction and the function for the dynamic range shown in FIG. 5 is stored in the LUT 23. Instead of the 
compressing process can be clearly separated from each dynamic range compressing process being carried out on the 
other. As a result, the setting of parameters in the automatic ^ preliminary read-out image signals S^, the gradation con- 
set-up algorithm device 27 becomes easy. Also, the advan- version is carried out on using the gradation conversion table 
tage can be obtained in that, in cases where the brightness of stored in the LUT 23. A visible image is then reproduced 
the primary image portion could not be adjusted appropri- ^om the resulting signals and displayed on the monitor 25, 
ately with the brightness adjusting process, the dynamic In this manner, confirmation of the effects of the rates of 
range compressing process serves such that the primary dynamic range compression can be carried out such that the 
image portion may be set to be a value close to YO. scale of the image reproducing system does not become 

Also, as illustrated in FIG. 3B, a function f/a,) repre- ^^^^'^ « , , i i i 

seating the dynamic range compression tabic for the portion, ^10. 9 shows how the vmble image represented by the 

in which the image signal vahie is large, i.e. the bright P^^"^^^y ^ad-out miage signals is displayed on the 

portion, is set. Further, as illustrated in FIG. 3C, a fiinction 25. An adjustment section 25A, in which the rales 

Ua,) representing the dynamic range compression table for of compre^ion of the displayed image are adjusted with the 

the portion, in which the image signal value is smaU. i.e. the ^6, is displayed on the monitor 25. Ttie rates 

dark portion, is set. These fiinctions are determined respec- of compression are adjusted by operating the mouse device 

lively by the rates of dynamic range compression a, and a^, ^6, and the scene of the image represented by the prelimi- 

which have been set in the manner described above. « '"'""O'" ""^6^ ^8°*"^ is discriminated. The rates of 

. ^yvr^v ir-xx ill t dynamic range compression are thereby adjusted finely. The 

ITie ftmctions f(a), f^a,), and f^a^ are added together, information representing the rates of dynamic range com- 
and a function ^a) representmg an ultimate dynamic range .^^ ^^^^ ^^^^^^^ ^ ^^^^ automatic 
compression table, which is to be used m the LUT 19 is algorithm device 27, and the dynamic range corn- 
thereby set. -nie calculation is earned out with Formula (1) ^^^^^^ ^^^^^ ^ ^UT 19 are ultimately set. 
shown below. this embodiment, the operator views the image dis- 
f (a>=f(a)+fXa;)+f^a^) (1) played on the monitor 25 and adjusts the rates of compres- 
sion having been set by the automatic set-up algorithm 

In cases where fXctj) and fj^o-d) ^^e functions shown device 27. Alternatively, the automatic set-up algorithm 

in FIGS. 3D and 3E, which are discontinuous at the point 65 device 27 may be constituted such that it may discriminates 

YO, even if no contour is embedded in the original image, the scene of the image and may automatically adjust the 

an artifact will often occur in the image density region rates of dynamic range compression. 
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After ibe setting of the LUT 15, the LUT 19, and the LUT unsharp mask signal is then fed into the LUT 19. In the LUT 

21 has thus been carried out by the automatic set-up algo- 19, the dynamic range compressing process is carried out in 

rithm device 27, the final read-out operation is carried out in accordance with the function f^a) for the dynamic range 

the manner described below. compression, which has been set by the automatic set-up 

Firstly, hght is produced by the light source 2 of the image 5 algorithm device 27. The unsharp mask signal, which has 
read-out section lA. The light is converted to a predeter- ^^^^ obtained from the dynamic range compressing process, 
mined amount of light by the hght regulating device 3. In the ^d into the adder 20. In the adder 20, the unsharp mask 
final read-out operation the amount of light adjusted by the 1 ^^^^ • g ^^-^^ ^^^^ 
hght regulaung device 3 is set m accordance with the values ^^^^ obtained from the color correction carried out by the 
of the pmLmmary read-out miage signals S ha^ang been ^^^^^ ^^^.^^^ ^ ^^^^ 
Stored m the frame memones 14R, 14G, and 14B. The light, V ... , , *J jj*** • 1 o jj *u 
having been adjusted by the fight regulating device 3, paLs '^^'^^y ^ ^^^"^^ 
through the RGB filter 4, is diffused by the mirror box 5, and ^^"6^ frequency components of the 
then impinges upon the fihn 6. The Hght passes through the '^^^^ ^^^^ compressed. The addition signals Sadd 
fihn 6 and is thus modulated in accordance with the image ^^^"^g obtamed are fed into the LUT 21. In the 
information having been recorded on the film 6. Thereafter, LUT 21, the gradation processing is carried out in acoor- 
the light passes through the lens 7 and impinges upon the ^^^nce with the ultimate output medium, such as a photo- 
CCD image sensor 8. In this manner, the fight is photoelec- sensitive material. The processed image signals are obtained 
trically converted by the CCD image sensor 8 into an image in this manner. 

signal, which represents the image having been recorded on FIG. 10 shows the frequency characteristics of the pro- 

the film 6. In this case, in order for the final read-out image 20 cessed image signals. As illustrated in FIG. 10, the passing 

signals to be obtained, the detection intervals of the CCD band of the LPF 18 corresponds to the large area contrast, 

image sensor 8 are set to be comparatively fine. The RGB The high frequency contrast corresponds to the components 

filter 4 is changed over to R, G, and B, and three color final of higher frequency than the passing band of the LPF 18, and 

read-out image signals representing the color image are therefore is not subjected to the compression with the LUT 
thereby obtained. The flbree color final read-out image 25 19. Therefore, the image reproduced from the processed 

signaU are fed into the image processing section IB. At ^^^^ signals can be obtained such that the dynamic range 
the image processing section IB, the processing is carried ^^^^ compressed while the high frequency con- 

outin the manner descnbed below^ - a . .u ■ t^^st is being kept. Thus the image processing, which cor- 

The final read-out image signals S-^ obtamed at the image , 1- * u - • *u *■ ^ 

, , 1 A 1 J r 1 n J L responds to the shuttmg hght techmque m the operation of 

read-out secUon lA are weak, and are therefore amplified by ^ , , . ^. . ^ . . 

^. r*: in Tn- * • i *u j • . 30 conventional analog prmtmg, can be camed out. 

the amplifier 10. The image signals are then converted mto r^,^^^*. .f, l- r 

the digital final readK)ut image signals by the analog- ^. ^^"^^ ^^'"^^"g an apparaUis for 

to-digital converter IL The digital finarreadK)ut image carrymg out the image processmg with an 8-bit signal. HG. 
signals are converted into image density signals by the a block diagram showing an apparatus for carrying 

LUT 12 and are then respectively stored in the frame f^^e ^^S^ processing with a 10-bit signal. The number 

memories 13R, 13G and 13B of bits of the image signal is one of the important factors that 

Thereafter, the final read-out image signals are read determine the quantization level of the image. If the quan- 

from the frame memories 13R, 13G, and 13B and fed into ^zation level of the image is low, an artifact wiU occur in the 

the LUT 15. In the LUT 15, the correction of the gray reproduced image. For example, as illustrated in FIG. IIA, 

balance, the correction of the brightness, and the con-ection ^ number of bits of the image signal is set to be 8 bits 
of the gradation are carried out on the final read-out image gradation levels) in all operations, an artifact will often 

signals in accordance with the gray balance adjustment o^"' i° reproduced image. This is because, when the 

table shown in FIG. 2A, the brightness correction table gradation raising process is carried out in the LUT 21, a 

shown in FIG. 2B, and the gradation correction table shown single least significant bit (LSB) in the LUT 19 is magnified 

in FIG. 2C, which have been determined by the automatic ^nd, as a result, false contouring becomes perceptible. For 

set-up algorithm device 27. The final read-out image signals example, as illustrated in FIG. 12A, in cases where the rate 
Sq having thus been corrected by the LUT 15 are fed into the dynamic range compression is equal to % and 1 LSB of 

MTX 16 and subjected to color correction. As described ^« ^'^^^ "^^ge signal is subjected to the gradation conver- 

above, the MTX 16 corrects the digital image signals such s^^n m the LUT 21, when the value of y in the LUT 21 is 

that the colors may be reproduced by the combination of the ^^^^^ ^o, for example, 1.5, the amount of change m the signal 

spectral characteristics of the film 6 and the spectral char- per LSB is mcreased by a factor of approximately 1.5 m the 

acteristics of the photosensitive material, on which the processed signal, and therefore a step-like pattern becomes 

visible image is reproduced uhimately. The final read-out perceptible in the reproduced image. In the example iUus- 

image signals S^^ having been obtained from the color ^^^^ ^ ^IG. IIB, the number of bits of the image signal 

correction carried out by the MTX 16 are fed into the adder t'^fore being fed into the LUT 21 is converted from 8 bits to 
20 and the MTX 17. In the MTX 17, the luminance is formed ^5 10 bits, the gradation processing is carried out on the 10-bit 

from the R, G, and B signals. SpccificaUy, the R, G, and B "^^g^ ^^S^^l i° 21, and the number of bits of the 

color image signals arc converted into the luminance by ^^^^ge signal is thereafter returned to 8 bits. In such cases, 
using a value of one-third of the mean value of each color occurrence of the artifact can be restricted. SpecificaUy, 

image signal or by using the YIQ base, or the like. For illustrated in FIG. 12B, in the case of the 10-bit image 

example, in cases where the himinance is to be formed with ^0 signal, 1 LSB obtamed after the processing has been camed 
the YIQ base, only the Y components of the YIQ base are ^^T 19 becomes % of 1 LSB obtained in the case 

calculated from the R, G, and B signal values. The calcu- of ^-bit image signal, and therefore the signal resulting 

lation is carried out with Formula (2) shown below. ^^m the gradation conversion carried out by the LUT 21 

becomes equal to 1.5xV4 of the dynamic range compressed 

Y»o.3R+o.59G+o.iiB (2) signal. Accordingly, in cases where the number of bits of the 

The luminance, which has thus been obtained, is then image signal, which is subjected to the dynamic range 

converted into the unsharp mask signal by the LPF 18. The compressing process in the LUT 19, is set to be at least 10 
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bits, the occurrence of the artifact can be restricted to a level 
lower than when the processing is carried out on the 8-bit 
image signal. 

The processed image signals having thus been obtained 
from the LUT21 are fed into the digital-to-analog converter 
22 and converted into analog signals. The analog signals 
obtained from the digital-to-analog converter 22 are fed into 
an image-wise exposure section 98 shown in FIG. 13. At the 
image-wise exposure section 98, the processing described 
below is carried out. 

The image signals having been obtained from the image 
processing section IB are fed into acousto-optic modulator 
(AOM) drivers (not shown). The AOM drivers operate 
AOM's 104R, 104G, and 104B of the image-v^dse exposure 
section 98 such that light beams may be modulated in 
accordance with the received image signals. 

At the image- wise exposure section 98, a photosensitive 
material A is scarmed with and exposed to light with the light 
beam scanning (raster scanning) technique, and an image 
represented by the image signals is thereby reproduced on 
the photosensitive material A. As illustrated in FIG. 13, the 
image -wise exposure section 98 comprises a light source 
102R for producing a light beam having wavelengths of a 
narrow-band range corresponding to the exposure of a 
red-sensitive layer of the photosensitive material A, a light 
source 102G for produciog a light beam having wavelengths 
of a narrow-band range corresponding to the exposure of a 
green-sensitive layer of the photosensitive material A, and a 
light source 1(12B for producing a light beam having wave- 
lengths of a narrow-band range corresponding to the expo- 
sure of a blue-sensitive layer of the photosensitive material 
A. The image-wise exposure section 98 also comprises the 
AOM's 104R, 104G, and 104B for respectively modulating 
the light beams, which have been produced by the light 
sources 102R, 102G, and 102B, in accordance with the 
recorded image information. The image- wise exposure sec- 
tion 98 further comprises a rotating polygon mirror 96 
serving as a light deflector, an f6 lens 106, and a sub- 
scanning conveyance means 108 for conveying the photo- 
sensitive material A in a sub-scanning direction. 

The light beams having been produced by the Hght 
sources 102R, 102G, and 102B travel along directions at 
different angles and impinge upon the corresponding AOM's 
104R, 104G, and 104B. As the Ught sources 102R, 102G, 
and 102B, various types of light beam sources may be 
utilized, which are capable of producing the light beams 
having predetermined wavelengths corresponding to the 
sensitive layers of the photosensitive material A. For 
example, various types of semiconductor lasers, SHG lasers, 
or gas lasers, such as He — Ne lasers, may be used. 
Alternatively, the light sources may be constituted as a hght 
beam combming optical system. The AOM's 104R, 104G, 
and 104B receive drive signals r, g, and b, which are for red, 
green, and blue colors and correspond to the recorded image 
information, from the AOM drivers. The AOM*s 104R, 
104G, and 104B thus modulate the intensities of the Hght 
beams, which impinge thereupon, in accordance with the 
recorded image information. 

The light beams having been modulated by the AOM*s 
104R, 104G, and 104B impinge upon the rotating polygon 
mirror 96 serving as the light deflector and are reflected from 
it. The hght beams are thus deflected in main scanning 
directions, which are indicated by the double headed arrow 
x in FIG. 13. Thereafter, the light beams are regulated by the 
fe lens 106 such that they may be imaged in a predetermined 
beam shape at a predetermined scanning position z. The 
Ught beams thus impinge upon the photosensitive material 
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A. In lieu of the rotating polygon mirror, a resonant scanner, 
a galvanometer mirror, or the like, may be utilized as the 
light deflector. Also, when necessary, the image-wise expo- 
sure section 98 may be provided with a hght beam shaping 
means and an optical system for compensation for inclina- 
tions of the surfaces of the light deflector. 

A roll of the photosensitive material A is located at a 
predetermined position such that it may be shielded from 
hght. The photosensitive material A is delivered from the 
roll by a delivery device, such as deUvery rollers, and is cut 
to a predetermined length by a cutter (not shown). The 
sub-scanning device 108 is constituted by a pair of rollers 
108fl, 108fl and a pair of rollers 108fc, 1086. The two pairs 
of rollers are located with the scanning position z interven- 
ing therebetween. The pair of rollers 108fl, 108fl and the pair 
of rollers 108^>, 1086 support the cut photosensitive material 
A at the scanning position z and convey it in the sub- 
scanning direction, which is approximately normal to the 
main scanning directions and is indicated by the arrow y in 
FIG. 13. As described above, the hght beams are deflected 
in the main scanning directions. Therefore, the entire area of 
the photosensitive material A, which is being conveyed in 
the sub-scanning direction, is scanned with the light beams 
in the two-dimensional directions. In this manner, an image 
represented by the image signals, which have been pro- 
cessed by the LUT 21, is reproduced on the photosensitive 
material A. 

The photosensitive material A, which has been exposed to 
the light beams, is then conveyed by a pair of conveying 
rollers 110, 110 into a developing section 100, 

At the developing section 100, the photosensitive material 
A is subjected to development processing, and a finished 
print P is thereby obtained. For example, in cases where the 
photosensitive material A is a silver haUde photographic 
material, the developing section 100 is constituted of a color 
development tank 112, a bleach-fix tank 114, a washing 
tanks 116fl, 1166, and 116c, and a drying means 118, The 
photosensitive material A is subjected to predetermined 
processing in the respective processing tanks, and the fin- 
ished print P is thereby obtained. 

In the embodiment of FIG. 13, the light beams are 
modulated by the AOM's 104R, 104G, and 104B. 
Alternatively, in cases where Ught sources, such as LD's, 
which are capable of undergoing direct modulation, are 
utilized, the Ught beams may be directly modulated in 
accordance with the recorded image information. Also, in 
Ueu of the two pairs of rollers, which are located with the 
scanning position intervening therebetween, a combination 
of an exposure drum, which supports the photosensitive 
material at the scaiming position, and two nipping rollers, 
which are located with the scanning position intervening 
therebetween, may be utilized as the sub-scanning convey- 
ance means. 

Further, in lieu of the Ught beam scanning described 
above, a drum scaimer may be utilized. In cases where the 
drum scanner is employed, the photosensitive material is 
wound around a dnun, and the light beams are caused to 
impinge upon a single point on the photosensitive material. 
Also, the drum is rotated and, at the same time, is moved 
along the axis of the drum. As another alternative, a surface 
exposure operation using a surface Ught source and a Uquid 
crystal shutter may be employed. As a further alternative, the 
exposure operation may be carried out by using a linear Ught 
source, such as an LED array. Furthermore, in the embodi- 
ment of FIG. 13, the photosensitive material is cut into a 
sheet before being exposed to the Ught beams. Alternarively, 
the photosensitive material may be exposed to the Ught 
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beams without being cut into sheets, and may be cut into apparatuses described in Japanese Unexamined Patent Pub- 
sheets before being processed at the developing section 100 lication Nos. 58(1983)-66929 and 64(1 989)-35542 and 
or after being processed at the developing section 100. Japanese Patent Publication No. 64(1989)-10819. 

In the manner described above, the visible image is Accordingly, no deviation occurs between the image signals 

reproduced at the developing section 100. Even if the visible 5 and the mask signals due to an error occurring in the 

image is the one reproduced from a backlighted scene, the movement distance, and a reproduced image having good 

details of the pattern of the person will not become imper- quality can be obtained reliably. 

ceptible due to insufficient gradation in the visible image. Further, as illustrated in FIG. 14, in an LPF 30 provided 

Also, the details of the bright background pattern will not with an unsharp mask having a size of 3x3 or 5x5, a filtering 

become imperceptible. Further, even if the visible image is 10 process may be carried out on the final read-out image 

the one reproduced from an image having been recorded by signals S^^, which have been stored in the frame memories 

using an electronic flash, a visible reproduced image can be 13R, 13 G, and 13B. Unsharp mask signals Sus of the final 

obtained such that both the details of a pattern of a person, read-out image signals Sj^ may thereby be obtained. In a 

which is located on the foreground side in the image, and the subtr actor 31, the unsharp mask signals Sus may then be 

details of a background, which is located far away behind 15 subtracted from the original image signals, and difference 

the pattern of the person, may be prevented from becoming signals may thereby be obtained. In a gain H 32, the 

imperceptible due to insufficient gradation. In this manner, difference signals may be multiplied by a predetermined 

an image having been subjected to the appropriate dynamic emphasis coefiScient. In the adder 20, the thus obtained 

range compressing process can be obtained. difference signals, the original image signals, and the image 

In cases where a shutting light technique is carried out by 20 signal, which has been obtained from the dynamic range 

controlling the distribution of the luminance of an illumi- compressing process carried out in the LUT 19, may be 

nating light source, the selection of the factor of the MTX 17 added together. The resuhing signals may then be fed into 

is the only possible method for controlling the color repro- the LUT 21 and subjected to the gradation processing, and 

ducibiMty. Therefore, in cases where the color reproducibil- the processed image signals may thereby be obtained. The 

ity is adjusted, both the brightaess and the color reproduc- 25 unsharp mask processing is carried out with Formula (3) 

ibility changes simultaneously at an edge in the image, and shown below, 
a print having an unnamral feeling is obtained. However, in 

the embodiment of the image reproducing apparatus in Sproc=Sorg+p(Sorg-Sus) (3) 

accordance with the present invention, the MTX 17 is u - o ^ • 1 • • 1 o 

, J . . ^ ^ ^ *u 1 • • 1 • * wherein Sorg represents the origmal image signal, Sus 

constituted in order to convert the color image signals into 30 * u 1-1 • j -^i *i. 

. , . ^ r t_ J- . rlT - represents the unsharp mask signal obtamed witb the 

the lummance. Therefore, with the embodiment of the image ^, ,0 . *u t. • xc • ^ j 

, . . , . unsharp mask, p represents the emphasis coemcient, and 

reproducing apparatus m accordance with the present o * *u • 1 * j r +u u 1 

t_.i.t_ t_. r J * Sproc represents the signal obtained from the unsharp mask 

invention, even though the bngntness 01 an edge oi an object ^ ^ ^ 

changes, the color reproducibility at the edge does not processing. , , , . 

I ' ^ i_ ■ ^iri- u The processed image signals, which are obtained by 

change. Accordingly, a print navmg a natural leehng can be 35 • * 1. 1 • t u 

, ^ fa e> carrymg out the unsharp mask processing even further, have 

1 " T TTr« 1 1 1- , . . the frequency characteristics shown in FIG. 15. As illus- 

Further, LUT 21 has the nonlinear charactenstics. . , . ^ rnA ic .u^ ^^r,^^A - ^ ^: ^1^ u„,,^ 

^ - ' , , • J . 1 trated in FIO, 15, the processed image signals nave the 

Therefore, the gradation correction can be carried out also - . * • u *u * *u J ■ ^ *u 

_ ^, ' x 1- 1 . - .1. -1 frequency characteristics such that the dynamic range of the 

for the portions of nonlinear characteristics on the ongmal j J ^ components L may have been compressed by 

unage film (e.g., an over-exposure portion and an under- 40 ^ ^ ^ ^. ^ j L 

\- \ 1- 1- aforesaid dynamic range compressing process, and such 

exposure po ion;. • ^ ■ ^ that the high frequency components H may have been 

Furthermore, m cases where a processing device for . . c ^t. a j- 1 u 

. u • • J . • J • emphasized even further. Accordingly, in such cases, a 

sharpness emphasis is added to the image reproducing . .-v^. . .u u 

^ _ ^. \ , . . i- • J I- reproduced image m which the sharpness has been empha- 

a^aratus, the local contrast of the image can be empha- ^^^^^^ .^^^^^.^^ described, 

\^ r J J- . I- • J • it will be obvious that the same may be varied in many ways. 

In the aforesaid embodiment of the image reproduang 3^^^ variations are not to be regarded as a departure from 

apparatus m accordance with the present mvention, the ^. . , c *u • j n u j*c 

^K. . , • • . J . J . the spirit and scope of the mvention, and all such modifi- 

prehmmary read-out operation is earned out in order to . ^ u l u • * i -n ^ ■ *u -* 

^, , - ^, T • J . • t r. J cations as would be obvious to one skilled m the art are 

obtam the preliminary read-out image signals Si,, and the • * j ^ * u • i j ^ ^u- *u r *u r n 

4 ui • *u T iTT^ IE 41, T imn A ,u J iTT^ i\ 4 rr. ^tended to be mcluded withm the scope of the following 

tables m the LUT 15, the LUT 19, and the LUT 21 are set 50 , . ^ ^ 

by the automatic set-up algorithm device 27 in accordance „ „ ' . , . , . . 

t . ' • % c* " nat IS ciaimea is. 

with the preliminary read-out image signals Sx>. i * • j • j u • • ui • 

^, . 1 . 1- • J * . * 1. An image reproducmg method, wherein a visible image 

Alternatively, the prelimmary read -out operation may not be - j, j r • • i i 

J- .ii^i IS reproduced from an image signal representing a color 

earned out, and the signals corresponding to the final - *u j • *i- . c 

, . ,ci -.i_ c -J * image, the method comprismg the steps of: 

read-out image signals m the aforesaid embodiment may 55 " r & i- 

be obtained with a single read-out operation. In accordance 0 foraiing a histogram of the miage signal, 

with the signals obtained from the single read-out operation, ii) calculating a dynamic range of the image signal in 

the tables in the LUT 15, the LUT 19, and the LUT 21 may accordance with the histogram, 

be set by the automatic set-up algorithm device 27. In this iii) setting a rate of dynamic range compression corre- 

manner, instead of the prehminary read-out operation being 60 spending to a region of the image signal, in which a 

carried out, the processing of the image signals can be signal value is comparatively large, a region of the 

carried out by carrying out only a single operation for image signal, in which a signal value is comparatively 

reading out the image from the film 6. Therefore, the image small, and/or an entire region of the image signal, the 

processing can be carried out quickly. Also, since it is rate of dynamic range compression being set in accor- 

sufGcient for a single image read-out operation to be carried 65 dance with the dynamic range and by taking a prede- 

out, it is not necessary for the film to be moved between the termined reference level of the image signal as a 

scanning operation and the exposure operation as in the reference. 
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iv) carrying out a dynamic range compressing process on 
the image signal with the rate of dynamic range com- 
pression set in said step (iii), 

v) carrying out gradation processing on an image signal, 
which has been obtained from the dynamic range 5 
compressing process, a processed image signal being 
obtained from the gradation processing, and 

vi) reproducing a visible image from the processed image 
signal without an image artifact, 

wherein the image signal is converted into a luminance 
signal, an unsharp image signal, which represents an 
unsharp image of the image represented by the 
luminance signal is formed, and the calculation of 
the dynamic range, the setting of the rate of dynamic 
range compression, and said dynamic range com- 
pressing process are carried out in accordance with 
the unsharp image signal, 

wherein said dynamic range compressing process is 
carried out only when the dynamic range is larger 
than a predetermined threshold value. 

2. The method of claim 1, wherein a preliminary read-out 
image signal, which represents picture elements detected at 
coarser intervals than in the image signal, is obtained before 
the image signal is obtained, and the calculation of the 
dynamic range and the setting of the rate of dynamic range 
compression are carried out in accordance with the prelimi- 
nary read-out image signal 

3. The method of claim 1, wherein said dynamic range 
compressing process is carried out by setting a number of 
bits of the image signal, which is subjected to said dynamic 
range compressing process, to be larger than a number of 
bits of the processed image signal, 

4. An image reproducing apparatus, wherein a visible 
image is reproduced from an image signal representing a 
color image, the apparatus comprising: 

histogram forming means for forming a histogram of the 
image signal, 

dynamic range calculating means for calculating a 
dynamic range of the image signal in accordance with 40 
the histogram, 

compression rate setting means for setting a rate of 
dynamic range compression conesponding to a region 
of the image signal, in which a signal value is com- 
paratively large, a region of the image signal, in which 45 
a signal value is comparatively small, and/or an entire 
region of the image signal, the rate of dynamic range 
compression being set in accordance with the dynamic 
range and by taking a predetermined reference level of 
the image signal as a reference, 50 

dynamic range compressing means for carrying out a 
dynamic range compressing process on the image sig- 
nal with the rate of dynamic range compression having 
thus been set, 

gradation processing means for carrying out gradation 
processing on an image signal, which has been 
obtained from said dynamic range compressing means, 
and thereby obtaining a processed image signal, 

reproducing means for reproducing a visible image from 
the processed image signal without an image artifact, 

conversion means for converting the image signal into a 
luminance signal, and 

unsharp image signal forming means for forming an 
unsharp image signal, which represents an unsharp 65 
image of the image represented by the luminance 
signal. 
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said dynamic range compressing means carrying out said 
dynamic range compressing process on the unsharp 
image signal, 

wherein said compression rate setting means and said 
dynamic range compressing means carry out the 
dynamic range compressing process only when the 
dynamic range is larger than a predetermined threshold 
value. 

5. The apparatus of claim 4, wherein a preliminary 
read-out image signal, which represents picture elements 
detected at coarser intervals than in the image signal, is 
obtained before the image signal is obtained, and the cal- 
culation of the dynamic range in said dynamic range calcu- 
lating means, the setting of the rate of dynamic range 
compression in said compression rate setting means, and the 
dynamic range compressing process in said dynamic range 
compressing means are carried out in accordance with the 
preliminary read-out image signal. 

6. The apparatus of claim 4, wherein the dynamic range 
compressing process is carried out by setting a number of 
bits of the image signal, which is subjected to the dynamic 
range compressing process, to be larger than the number of 
bits of the processed image signal. 

7. An image reproducing method, wherein a visible image 
is reproduced from an image signal representing a color 
image, the method comprising the steps of: 

i) forming a histogram of the image signal, 

ii) calculating a dynamic range of the image signal in 
accordance with the histogram, 

iii) setting a rate of dynamic range compression corre- 
sponding to a region of the image signal, in which a 
signal value is comparatively large, a region of the 
image signal, in which a signal value is comparatively 
small, and/or an entire region of the image signal, the 
rate of dynamic range compression being set in accor- 
dance with the dynamic range and by taking a prede- 
termined reference level of the image signal as a 
reference, 

iv) carrying out a dynamic range compressing process on 
the image signal with the rate of dynamic range com- 
pression set in said step (iii), 

v) carrying out gradation processing on an image signal, 
which has been obtained from the dynamic range 
compressing process, a processed image signal being 
obtained from the gradation processing, and 

vi) reproducing a visible image from the processed image 
signal without an image artifact, 

wherein the image signal is converted into a luminance 
signal, an unsharp image signal, which represents an 
unsharp image of the image represented by the 
luminance signal is formed, and the calculation of 
the dynamic range, the setting of the rate of dynamic 
range compression, and said dynamic range com- 
pressing process are carried out in accordance with 
the unsharp image signal, 

wherein said dynamic range compressing process is 
carried out only when the dynamic range is larger 
than a predetermined threshold value, 

wherein said dynamic range compressing process is 
carried out by setting a number of bits of the image 
signal, which is subjected to said dynamic range 
compressing process, to be larger than a number of 
bits of the processed image signal in order to prevent 
false contouring. 

8. An image reproducing method, wherein a visible image 
is reproduced from an image signal representing a color 
image, the method comprising the steps of: 
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i) forming a histogram of the image signal, 

ii) calculating a dynamic range of the image signal in 
accordance with the histogram, 

iii) setting a rate of dynamic range compression corre- 
sponding to a region of the image signal, in which a 
signal value is comparatively large, a region of the 
image signal, in which a signal value is comparatively 
small, and/or an entire region of the image signal, the 
rate of dynamic range compression being set in accor- 
dance with the dynamic range and by taking a prede- 
termined reference level of the image signal as a 
reference, 

iv) carrying out a dynamic range compressing process on 
the image signal with the rate of dynamic range com- 
pression set in said step (iii), 

v) carrying out gradation processing on an image signal, 
which has been obtained from the dynamic range 
compressing process, a processed image signal being 
obtained from the gradation processing, and 20 

vi) reproducing a visible image from the processed image 
signal, 

wherein the image signal is converted into a luminance 
signal, an unsharp image signal, which represents an 
unshaip image of the image represented by the 25 
luminance signal is formed, and the calculation of 
the dynamic range, the setting of the rate of dynamic 
range compression, and said dynamic range com- 
pressing process are carried out in accordance with 
the unsharp image signal, 30 
wherein said dynamic range compressing process is 
carried out only when the dynamic range is larger 
than a predetermined threshold value. 
9. An image reproducing apparatus, wherein a visible 
image is reproduced from an image signal representing a 35 
color image, the apparatus comprising: 

histogram forming means for forming a histogram of the 
image signal, 

dynamic range calculating means for calculating a 
dynamic range of the image signal in accordance with 
the histogram, 

compression rate setting means for setting a rate of 
dynamic range compression coaesponding to a region 
of the image signal, in which a signal value is com- 
paratively large, a region of the image signal, in which 
a signal value is comparatively small, and/or an entire 
region of the image signal, the rate of dynamic range 
compression being set in accordance with the dynamic 
range and by taking a predetermined reference level of 
the image signal as a reference, 

dynamic range compressing means for carrying out a 
dynamic range compressing process on the image sig- 
nal with the rate of dynamic range compression having 
thus been set, 55 

gradation processing means for carrying out gradation 
processing on an image signal, which has been 
obtained from said dynamic range compressing means, 
and thereby obtaining a processed image signal, 

reproducing means for reproducing a visible image from ^o 
the processed image signal without an image artifact, 

conversion means for converting the image signal into a 
luminance signal, and 
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unsharp image signal forming means for forming an 
unsharp image signal, which represents an unsharp 
image of the image represented by the luminance 
signal, 

said dynamic range compressing means carrying out said 
dynamic range compressing process on the unsharp 
image signal, 

wherein said compression rate setting means and said 
dynamic range compressing means carry out the 
dynamic range compressing process only when the 
dynamic range is larger than a predetermined threshold 
value, 

wherein said dynamic range compressing process is car- 
ried out by setting a number of bits of the image signal, 
which is subjected to said dynamic range compressing 
process, to be larger than a number of bits of the 
processed image signal in order to prevent false con- 
touring. 

10. An image reproducing apparatus, wherein a visible 
image is reproduced from an image signal representing a 
color image, the apparatus comprising: 

histogram forming means for forming a histogram of the 
image signal, 

dynamic range calculating means for calculating a 
dynamic range of the image signal in accordance with 
the histogram, 

compression rale setting means for selling a rate of 
dynamic range compression corresponding to a region 
of the image signal, in which a signal value is com- 
paratively large, a region of the image signal, in which 
a signal value is comparatively small, and/or an entire 
region of the image signal, the rate of dynamic remge 
compression being set in accordance with the dynamic 
range and by taking a predetermined reference level of 
the image signal as a reference, 

dynamic range compressing means for carrying out a 
dynamic range compressing process on the image sig- 
nal with the rate of dynamic range compression having 
thus been set, 

gradation processing means for carrying out gradation 
processing on an image signal, which has been 
obtained from said dynamic range compressing means, 
and thereby obtaining a processed image signal, 

reproducing means for reproducing a visible image from 
the processed image signal, 

conversion means for converting the image signal into a 
luminance signal, and 

unsharp image signal forming means for forming an 
unsharp image signal, which represents an unsharp 
image of the image represented by the luminance 
signal, 

said dynamic range compressing means carrying out said 
dynamic range compressing process on the unsharp 
image signal, 

wherein said compression rate setting means and said 
dynamic range compressing means carry out the 
dynamic range compressing process only when the 
dynamic range is larger than a predetermined threshold 
value. 
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